INTRODUCTION
Silicon carbide is being evaluated as an armor material because of its lightweight, high-hardness, and excellent armor efficiency. However, one of the problems associated with silicon carbide is the high cost associated with achieving fully dense tiles. Full density requires either hot pressing and sintering or reaction bonding. Past efforts have shown that hot pressed tiles have a higher armor efficiency than those produced by reaction bonded sintering. An earlier study showed that the acoustic properties of fully-dense silicon carbide tiles were enhanced through the use of postsintered microwave heat treatments. One of the least expensive forming techniques is to isostatically press-and-sinter. In this study, we have used microwave energy to densify silicon carbide green bodies. Microwave sintering has been demonstrated to be a very quick way to sinter ceramics such as alumina to exceptionally high densities. Previous work has shown that microwave post treatment of fully-dense reaction bonded silicon carbide tiles significantly improves the acoustic properties of the tiles. These properties include Poisson's ratio, Young's modulus, shear modulus, and bulk modulus.
EXPERIMENTAL PROCEDURE
Silicon carbide green bodies were provided by Cercom, Inc., for processing at Oak Ridge National Laboratory (ORNL). Yttria and aluminum were added as sintering aids. The green bodies were three inches by three inches by one-inch thick. Prior to sintering, the tile samples were baked at 400°C in a conventional furnace to remove organic binders. One sample was heated in a conventional resistance-heated, carbon-lined furnace to 2150°C in argon gas for one hour. This sample was loaded inside a carbon crucible and sintered in a vertical position to reduce thermal stresses and, therefore, cracking. The second sample was loaded horizontally inside a boron nitride crucible packed with a mixture of boron nitride and glassy carbon. This was then placed inside a 12-inch alumina fiberboard box for additional insulation. The boron nitride and glassy carbon are necessary to reduce thermal stresses in the silicon nitride part caused by uneven microwave heating. This sample was heated in a 12 kW microwave furnace at 2100°C under argon cover gas for one hour. The heating rate for both specimens was 1 O"C/minute. Both samples were furnace cooled to room temperature.
Physical properties were measured on the tiles using ultrasonic velocity measurements. A total of five readings were taken from the samples at the four corners and at the center as shown in Fig. 1 . From the velocity measurements, Poisson's ratio, Young's modulus, shear modulus, and bulk modulus were calculated. Each tile was also scanned ultrasonically to map density uniformity as well as irregularities and flaws, such as cracks, which may be present. 
RESULTS AND DISCUSSION
Visual comparison of the tiles after sintering showed that the conventionally-sintered tile was black while the microwave-sintered tile was gray in coloration. The surface of the conventionally-sintered tile was coarser than the microwave-sintered specimen. This coarseness is attributed to the formation of large crystallites on the specimen surface, which is an indication that some vaporization had occured. The microwave-sintered specimen had a smoother surface but contained a 1.5 cm crack which ran perpendicular to one side, which can be seen in the ultrasonic scan (Fig. 2) . This crack was likely caused by uneven heating of the sample by the microwave field.
The sintered results are shown in Table 1 . For each specimen the post sintered mass was less than the starting (post bake-out) mass, which indicates that volatization of the silicon carbide had taken place. The conventionally and microwave-sintered specimens lost 28 and 22 grams of mass, respectively. This indicates that excessive volatilization occured during both sintering processes. The higher mass-loss for the conventionally-sintered tile was likely due to the higher sintering temperature (2150°C). As shown in the table, the sample undergoing microwave sintering densified to a significantly higher density than the conventionally-sintered sample even though the sintering temperatures and heating rates were essentially the same. These data suggest that microwave sintering techniques may be better than conventional sintering techniques for densifmg silicon carbide. However, the uneven heating caused by the microwave field may create internal stresses in silicon carbide bodies that may lead to cracking. This is a very promising result for a beginning sintering attempt. Similiar cracks in other materials have 2 been eliminated through process refinements. Efforts to improve the uniformity of the microwave field would likely decrease the probability of cracking while maintaining high densification. As shown in Table 2 , the calculated acoustic properties are much higher for the sample that was sintered using microwave energy than for the sample that was conventionally sintered. Poisson's ratios for both specimens were found to be much higher than normal for silicon carbide. The typical value of Poisson's ratio for sintered silicon carbide is 0.14. The higher values obtained from the samples are likely due to the addition of Yttria and aluminum as sintering aids. These sintering aids were necessary when using pressureless sintering techniques such as those used in this study. The increase in Poisson's ratio was 16 percent higher for the microwave-sintered specimen, and the acoustic moduli were also much higher. The values obtained for the Young's, shear, and bulk moduli for the microwave-treated sample compare well with literature values of silicon carbide formed by both sintering and reaction bonding methods, but the values obtained for the conventionally-sintered sample were considerably lower. The Young's and shear moduli were 50 percent higher for the microwave-sintered sample, and the bulk modulus was over 100 percent higher. In addition, the standard deviations for the microwave-processed sample were much lower than the conventionally-processed specimen indicating better uniformity. The higher acoustic properties for the microwave-sintered sample likely resulted from the much higher density of the post sintered tile. For a full treatment of the acoustic properties see the Appendix. 
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CONCLUSIONS
Microwave sintering of silicon carbide containing sintering aids produces a denser and more uniform solid than silicon carbide, which is densified using the conventional press-and-sintering method. Volatilization of the part was also reduced by microwave heating. Physical properties such as acoustic moduli and Poisson's ratios were substantially higher for silicon carbide sintered using microwave radiation. 
